The role of hyaluronan (HA), serum-derived HA-associated protein (SHAP)-HA complex and hyaluronan synthase (HAS) in endometrial carcinomas was investigated. The relationship of metalloproteinase (MMP) and its inhibitor (TIMP) with HA and the SHAP-HA complex was also examined. The expression of HAS1 was related to the depth of myometrial invasion and lymph-vascular space involvement. The serum levels of HA, SHAP-HA complex, MMP-9, and TIMP-1 were increased in related with the depth of myometrial invasion, histological grade and lymph-vascular space involvement. They were also higher in the HAS1-positive group compared to -negative group. The serum concentrations of HA and SHAP-HA complex had a significant correlation with the MMP-9 and TIMP-1. The patients with elevated SHAP-HA complex had the shorter disease-free survival. The multivariate analysis revealed that the SHAP-HA complex was the independent variable for disease-free survival of endometrial cancer patients. In conclusion, the elevation of serum SHAP-HA complex depended on the HAS1 expression and the SHAP-HA complex is a useful marker to predict disease recurrence in endometrial cancer patients. The SHAP-HA complex may promote the lymph-vascular space involvement and the synthesis and activation of MMP-9 and TIMP-1 in the progression of endometrial cancer.
Introduction
The incidence rate for endometrial cancer has been increasing in Japan [1] . Clinicopathological studies show that poor prognosis is related to cervical invasion of malignant cells, deep myometrial invasion of malignant cells, lymph node metastasis, and lymph-vascular space involvement of malignant cells [2, 3] . The multistage process of tumor invasion and metastasis depends on several mechanisms, including the stimulation of cell growth by growth factors, destruction of the extracellular matrix by proteolytic enzymes, neovascularization due to the presence of angiogenic factors, and cell to cell or stroma adhesion regulated by cell adhesion molecules.
Hyaluronan (HA) is an extracellular polysaccharide typically present in the extracellular matrix of some epithelial and neural tissues. HA is particularly abundant in connective tissues. HA controls cell migration, differentiation, and proliferation, thereby influencing tissue morphogenesis, wound healing, and tumor growth [4, 5] . HA levels correlate with the invasiveness and metastatic capacity of tumor cells [6] . Increased HA concentrations may help invasion by providing 2 Obstetrics and Gynecology International a less dense matrix for cancer cells [7] , stimulating cancer cell motility, and forming an immunoprotective coat for cancer cells [8] .
Three mammalian hyaluronan synthase (HAS) genes, HAS1, HAS2, and HAS3, are involved in hyaluronan biosynthesis [9] , and their expressions vary depending upon tissue-, age-and pathophysiological differences and are important to investigate the biological function of hyaluronan, especially in tumor cell malignancy, because the overexpression of HAS makes tumor cells more aggressive with significant differences in the malignant activity among the three HAS genes [10] . The three isoforms of HAS have been shown to synthesize distinct types of hyaluronans with different structural characteristics and functions [9] .
Associations with various HA-binding proteins, including proteoglycans, result in tremendously diverse physiological functions for HA. Extracellular matrix containing HA as a major component, called HA-rich matrix, plays important roles in regulating cellular behavior in a variety of physiological and pathological processes via cell-surface HA receptors, such as CD44 and receptor for hyaluronan-mediated motility [11] .
SHAP was originally discovered as the complex with HA in HA-rich matrix from cultured mouse dermal fibroblasts and was found to be derived from serum supplemented to culture media, and thereby named as serum-derived HAassociated proteins (SHAPs) [12, 13] . Then, SHAP was found to correspond to the heavy chains of plasma inter-α-trypsin inhibitor (ITI) family molecules and be covalently bound to HA via a unique ester bond [12] [13] [14] . ITI family molecules are synthesized by hepatocytes and secreted into the blood at high concentrations [15] . The heavy chains of these molecules are derived from 3 different genes, and either 1 or 2 of the chains are covalently bound to the light chain, bikunin, to form ITI family members such as ITI, pre-α-trypsin inhibitor, and inter-α-trypsin-like inhibitor [16] . During the formation of SHAP-HA complexes, HA is substituted for the chondroitin sulfate chain of bikunin, accompanied by the release of bikunin [12, 17] . Released bikunin is excreted in urine as urinary trypsin inhibitor (UTI).
Matrix metalloproteases (MMPs) play a crucial role in tissue remodeling in a variety of physiological and pathological processes, similar to the roles of HA. In malignant tumor, HA may possibly influence the expression of MMP-9 as well as the conversion of the inactive pro-forms to active forms [18, 19] .
We previously reported the role of HA and HAS1 in endometrial cancer [20] . The expression of HAS1 and serum HA level were related to the depth of myometrial invasion, histological grade, and lymph-vascular space involvement. Serum HA level was higher in the HAS1-positive group than in the HAS1-negative group. The goal of the present study was to determine if the levels of HA, the SHAP-HA complex, UTI, and the immunohistochemical expression of HAS correlate with the clinicopathological manifestations and clinical outcome of endometrial carcinoma. The causal relationships of the serum levels of HA and the SHAP-HA complex with those of metalloproteinase and its inhibitor in serum were also examined and discussed.
Materials and Methods

Clinical Samples.
Formalin-fixed, paraffin-embedded tissue, serum, and urine were obtained from 50 patients with endometrioid adenocarcinoma of the endometrium. All patients attended the gynecology clinic at Aichi Medical University Hospital and were diagnosed as stage I. Of them, nine cases who did not undergo lymphadenectomy had no finding suggesting the lymph node metastasis in a presurgical CT scan examination. The surgical specimens were evaluated by more than one gynecologic pathologists, and they also evaluated the immunohistochemical examination. Serum and urine were also obtained from 50 postmenopausal donors with the negative endometrial cytology. The mean age of endometrial cancer patients was 57.24 ± 9.28 years, and that of healthy women was 54.52 ± 6.34 years observed in healthy women, which was almost the same as that of the patients (P = 0.09). This study was approved by the regional ethics committee of Aichi Medical University, School of Medicine. Written informed consent was obtained from all participants prior to study enrollment.
2.2.
Immunohistochemistry. The polyclonal antibodies against HAS1, HAS2, and HAS3 were raised in rabbits by subcutaneous injection of the following synthetic peptides; VRRLCRRRSGGTRVGV, corresponding to amino acids 568-582 of HAS1; CGRRKKGQQYDMVLDV, corresponding to the amino acids 537-552 of HAS2; CGKKPEQYS-LAFAEV, corresponding to amino acids 541-555 of HAS3, which had been coupled to keyhole limpet hemocyanin. The specificity of the purified antibodies has been confirmed [10, 21] . Immunostaining was performed by the avidin-biotinperoxidase complex method using a VECTASTAIN ABC kit Elite (Vector Laboratories Inc., Burlingame, Calif, USA). The prepared 3 μm sections were deparaffinized and rehydrated. After treatment with 0.25% trypsin solution at 37
• C for 10 minutes, the sections were incubated at 4
• C overnight with the antibodies against HAS1, HAS2 and HAS3. The chemogen used was 3,3 -diaminobenzidine tetrahydrochloride (Dojindo, Kumamoto, Japan). Sections were counterstained with hematoxylin for microscopic examination. Sections were defined as having positive expression when >90% of tumor cells were intensely stained.
Measurement of Serum Concentrations for HA, SHAP-
HA Complex, MMP-2, MMP-9 and TIMP-1, and Urine Concentration of UTI. Concentrations of HA in serum were measured using an inhibitory enzyme-linked immunosorbent assay (ELISA) (Seikagaku Corp., Tokyo, Japan) [22] . Briefly, HA-conjugated bovine serum albumin (BSA) plates were washed 3 times with phosphate-buffered saline (PBS) containing 0.1% Tween 20 (PBS-T). Then, 50 μL sample (diluted 1 : 5∼10 with PBS-T) and 50 μL biotinylated HABP (0.5 μg/mL in 1% BSA/PBS-T) were applied to each well, and plates were incubated at 37
• C for 1 h. After washing with PBS-T, 50 μL horseradish peroxidase-streptavidin (1 : 500) was added to each well, and plates were further incubated at 37
• C for 1 h. Color development was achieved by incubating with 50 μL of tetramethylbenzidine (TMB) solution at 37
• C Obstetrics and Gynecology International 3 for 10 min; then, the reaction was stopped by adding 50 μL 1 M HCl. Absorbance at 450/630 nm (absorbance at 450 nmabsorbance at 630 nm) was measured with an immuno Mini NI-2300 spectrophotometer. Assays were performed in triplicate.
The levels of the SHAP-HA complex in sera were determined by measuring the amount of SHAPs bound to HA using a sandwich ELISA [22] . Microtiter plates were coated with HABP (4 μg/mL in 0.1 M sodium carbonate buffer; pH 9.5) at 4
• C for 15 h. Wells were washed twice with 200 μL PBS, followed by blocking with 200 μL of 3% BSA in PBS-T at room temperature for 1 h. After washing the wells 3 times with 200 μL PBS-T, 50 μL sample (serum diluted 1 : 5∼10 with 1% BSA/PBS-T) was added to each well. Then, plates were incubated at 37
• C for 1 h. After washing, 25 μL of rabbit antihuman ITI antibody (diluted 1 : 3000 with 1% BSA/PBS-T) and 25 μL of HRP-conjugated goat antirabbit immunoglobulins antibody (diluted 1 : 3000 with 1% BSA/PBS-T) were added to each well and incubated at 37
• C for 1 h. Wells were washed 3 times then were incubated with 50 μL of TMB solution at 37
• C for 10 min. The reaction was stopped by the addition of 50 μL 1 M HCl, and absorbance at 450/650 nm was measured. Assays were performed in triplicate.
The urine levels of UTI were measured using an inhibitory ELISA [22] . Microtiter plates were coated with UTI (2 μg/mL in 0.1 M sodium carbonate buffer; pH 9.5) at 4
• C overnight and then blocked with 3% BSA as above. The plates were washed 3 times with PBS-T, then 50 μL sample (urine diluted 1 : 5∼10 with PBS) and 50 μL anti-UTI antibodies were applied to each well and incubated at 37
• C for 1 h. Wells were washed, and 100 μL HRP-conjugated goat antirabbit antibody was added to each well. Plates were then further incubated at 37
• C for 1 h. After washing with PBS-T, color development was achieved by incubation with 50 μL TMB solution at 37
• C for 10 min, then the reaction was stopped using 50 μL 1 M HCl. Absorbance at 450/650 nm was measured. Assays were performed in triplicate.
Concentrations of MMP-2, MMP-9, and TIPM-1 in sera were measured with a one-step sandwich ELISA kit for each (Fuji Chemical Co., Toyama, Japan) as reported previously [23] [24] [25] . A serum (10 μL) was mixed with 100 μL of 50 μg/L each antibody conjugated with HRP in 10 mM sodium phosphate buffer (pH 7.0) containing 10 g/L BSA, 10 nM EDTA, and 0.1 M NaCl. A 100 μL aliquot of the mixture was transferred to microplate well previously coated with each antibody. The plate was incubated for 60 min at room temperature and then washed 3 times with PBS. Color development was achieved by incubation with 100 μL of citric acidsodium phosphate buffer containing o-phenylenediamine and hydrogen peroxide at room temperature for 20 min. The reaction was stopped with 100 μL 1 M HCl, and the absorbance at 492 nm was measured. Assays were performed in triplicate.
Statistical Analysis.
The statistical significance of differences among different categories of expression was analyzed using the unpaired t-test, the chi-square test, and two-way ANOVA. Pearson correlation coefficient was used to test for significant relationships. Disease-free survival was analyzed by the Kaplan-Meier method and log-rank test, and the potential significance of plural prognostic factors for diseasefree survival was analyzed by Cox proportional hazard model. P values less than 0.05 were considered statistically significant.
Results
HAS, HA, SHAP-HA Complex, UTI, MMP-2, MMP-9, and TIMP-1 in Relation to the Clinicopathological
Manifestations. In endometrioid adenocarcinoma of uterine corpus, the HAS1, HAS2, and HAS3 were expressed in tumor cells as our previous report (Figure 1 ) [20] . Of the 50 endometrial cancer cases, the positive immunohistochemical expression was found in 29 cases for HAS1, 33 cases for HAS2, and 29 cases for HAS3. The expression of HAS1 was related to the depth of myometrial invasion and lymphvascular space involvement although it had no relationship with the histological grade. On the other hand, the expression of HAS2 and HAS3 had no relationship with the depth of myometrial invasion, histological grade, and lymphvascular space involvement ( Table 1 ). The serum levels of HA, the SHAP-HA complex, MMP-9, TIMP-1, and UTI were higher in the endometrial cancer group than in the control group, while the serum MMP-2 levels had no difference between both groups ( Table 2 ). The serum levels of HA, the SHAP-HA complex, MMP-9, and TIMP-1 were significantly increased in the patients with the deeper myometrial invasion ( Table 3 ). The urine levels of UTI and serum levels of HA, the SHAP-HA, complex and TIMP-1 were higher in the patients with the poorly differentiated (G3) tumor, compared with the moderately differentiated (G2) tumor and well-differentiated (G1) tumor. The serum levels of HA, the SHAP-HA complex, MMP-9, TIMP-1, and the urine level of UTI were significantly increased in the patients with the lymph-vascular space involvement (Table 3) .
Relationship of Immunohistochemical Expressions of HAS Isoforms with Serum Levels of HA, the SHAP-HA Complex, MMP-2, MMP-9 and TIMP-1, and Urine Level of UTI.
The serum levels of the SHAP-HA complex, MMP-9, and TIMP-1 were higher in the HAS1-positive group than in the HAS1-negative group. However, the expression of HAS2 and HAS3 was unrelated to them ( Table 4 ). The serum levels of HA and the SHAP-HA complex had a significant correlation with the MMP-9, and TIMP-1 in endometrial cancer patients (Table 5) . 
Values are shown as mean ± SD.
had a significantly shorter disease-free survival (Figure 2) . The multivariate analysis revealed that the SHAP-HA complex was the significant independent variable for the diseasefree survival of endometrial cancer patients (Table 6 ).
The Kaplan-Meier analysis revealed that the patients with elevated serum level of the SHAP-HA complex had a significantly shorter overall survival although no significant difference was found in relation with the serum TIMP-1 levels, depth of myometrial invasion, and histological grade ( Figure 3 ). However, no significant variable was observed in the multivariate analysis for overall survival (Table 7) .
Discussion
The multistage process of tumor invasion and metastasis depends on several mechanisms, including the stimulation of cell growth by growth factors, destruction of the extracellular matrix by proteolytic enzymes [26] , neovascularization due to the presence of angiogenic factors [27, 28] , and cell-tocell or stromal cell interaction regulated by cell adhesion molecules and pericellular matrix molecules. Significantly increased levels of HA are often associated with certain types of human tumors, and the levels of HA in Figure 2 : Disease-free survival in endometrial cancer patients was analyzed by the Kaplan-Meier method and log-rank test. The patients with the deeper myometrial invasion, poorly differentiated tumor, elevated serum level of the SHAP-HA complex, and elevated serum level of TIMP-1 had a significantly shorter disease-free survival. The maximal normal level in serum of the SHAP-HA complex in serum was determined as 4.7 U/mL for the SHAP-HA complex and as 212.9 ng/mL for TIMP-1, which were a value of the mean + 2SD in 50 healthy women. the sera of some cancer patients are significantly higher than those of normal individuals [7, 29, 30] . Although increased HA synthesis is not a universal characteristic of tumors, there seems to be an overall tendency for transformed cells to exhibit higher levels of HA production [31] . In addition, a close relationship has been demonstrated between HA production and malignant phenotypes, such as invasiveness [32] . Our group and another group found that highly metastatic cell lines release more HA into culture medium than less metastatic variants [6] . Furthermore, Zhang et al. [33] reported that HA on the surface of tumor cells is correlated with metastatic behavior. HA has either directly or indirectly been implicated in cell adhesion, motility, growth, and differentiation [34] . HAbinding proteins regulate these cellular behaviors by interacting with HA and forming the HA pericellular matrix [35] . Increased matrix deposition of HA may favor tumor growth and invasion by increasing tissue hydration and providing a suitable environment for cell migration analogous to embryonic cell movement. Other mechanisms may also help tumor growth and invasion. For example, the HA pericellular coat may reduce the access and attack of immune cells to tumor cells [36] . Tumor cells are surrounded by a thick pericellular coat that is sensitive to hyaluronidase. The removal of this coat may allow lymphocytes to exert their cytolytic effect on tumor cells. Additionally, partially degraded HA fragments promote angiogenesis, an important host contribution to tumor cell viability [37] .
Our previous study [38] demonstrates that HA synthesized by HAS1 is associated with tumor neovascularization and predicts tumor aggressiveness and patient survival in ovarian cancer. Yamada et al. [39] reported that elevated transcription levels of the HAS1 gene correlated with poor prognosis of human colon cancer. Anttila et al. [40] reported that elevated levels of stromal HA indicate that the tumor is aggressive and predict poor disease outcome in ovarian cancer patients, especially those with serous tumors. Kayastha et al. [41] reported that CD44 expression is associated with the spread of ovarian cancer and is an independent predictor of survival. HA contributes to tumor growth, invasion, and metastasis through cell proliferation, movement, adhesion, and angiogenesis. It is possible that these functions of HA depend on the overexpression of the HAS genes.
In our previous report [38] and the present study, the serum levels of HA and the SHAP-HA complex were both higher in the endometrial cancer group than in the healthy control group, and the increased synthesis of HA in endometrial cancer tissue appeared to depend on the high expression of HAS1. This finding suggests that increased HA reacts with ITI, resulting in the increased levels of the SHAP-HA complex. In addition, the serum levels of HA and the SHAP-HA complex in those cancer group were found to be increased in accordance with the depth of myometrial invasion and lymph-vascular space involvement [38] , indicating that the increased levels of HA and the SHAP-HA complex are related to tumor invasion and metastasis.
The present study has also demonstrated that the serum levels of MMP-9 and TIMP-1 were significantly higher in the endometrial cancer group than in the healthy control group, and serum MMP-9 was elevated according to the depth of myometrial invasion and lymph-vascular space involvement. There are some reports suggesting that hyaluronan upregulates MMP-9 and TIMP-1 expressions via CD44 signaling [42, 43] . Peng et al. [44] have shown that, in culture of human breast carcinoma cells, antibody-mediated CD44 cross-linking resulted in the colocalization of CD44 and MMP-9, which may augment the level of MMP-9 in the membrane, possibly implicated in the increased capacity of tumor invasion and metastasis. We have shown that SHAP appears to potentiate the interaction resulting in the increased avidity of HA to CD44 and have suggested that SHAP could function in activating CD44 signaling by increasing the interaction with HA [45] . It is likely therefore that the high serum levels of MMP-9 may be consequential reflection of the increased levels of the SHAP-HA complex in endometrial cancer, which explains the present observation that the elevated levels of SHAP-HA complex had a shorter disease-free survival time compared to those patients with normal levels of SHAP-HA complex.
MMPs are known to be inhibited by naturally occurring TIMPs [46] . Thus, TIMPs are also important factors to regulate cancer cell invasion and metastasis. For one example, Runx3 has been shown to suppress gastric cancer metastasis through the inactivation of MMP-9 by the upregulation of TIMP-1 [47] . However, TIMPs were found to have multiple functions [48] . It not only regulates activity of MMPs as their natural tissue inhibitors as described above, but also stimulates tumor growth and malignant transformation. For example, tissue levels of TIMPs in gastric adenocarcinoma [49] and their serum levels in colorectal cancer [50] are reported to reflect roles in predicting the aggressive behaviors of those cancer cells, together with those of MMP-9, suggesting that MMP-9 expression is an independent diagnostic valuable for tumor malignancy. Or, the higher levels of TIMPs could reflect some physiological mechanisms of TIMPs expressions to regulate MMPs expressions and activities. Considering those multi-and variable functions of TIMPs, it is reasonable that the present analysis has revealed that the SHAP-HA complex and TIMP-1 were a significant independent variable predicting a shorter disease-free survival.
Conclusion
The elevation of serum SHAP-HA complex depended on the HAS1 expression and the SHAP-HA complex is a useful marker to predict disease recurrence in endometrial cancer patients. Because the levels of the SHAP-HA complex showed a significant positive correlation with the levels of MMP-9 and TIMP-1, the SHAP-HA complex may promote the lymph-vascular space involvement and the synthesis and activation of MMP-9 and TIMP-1 in the progression of endometrial cancer.
